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Comment on “Highly Extended Image States around Nanotubes”
In their Letter [1], Granger et.al. have discussed the image states around carbon nan-
otubes. To do that, they derive the interaction potential V (ρ) = 2q
2
pia
∑
n=1,3,5,···
li[(a
ρ
)n] between
a nanotube of radius a and an electron at a distance ρ from its axis. Then, they formally
introduce the effective interaction Veff(ρ) = V (ρ)+
l2− 1
4
2µρ
and give the transverse Schro¨dinger
equation
{
d2
dρ2
+ 2µ[Enl − Veff(ρ)}ψnl(ρ) = 0. (1)
In our viewpoint, the interaction potential U between a nanotube and an electron must
be the function of ρ, φ and z in terms of the lattice structure of the carbon nanotube.
Here ρ, φ and z are the components of cylindrical coordinate system whose z-axis is the
tube axis. Besides, U satisfies U(ρ, φ + 2pij1/N, z + j1τ + j2T ) = U(ρ, φ, z) because the
nanotube’s symmetry[2, 3]. Here j1, j2 are integer numbers, and N, τ, T are characteristic
quantities of the nanotube, e.g., for (10,10) nanotube, N = 20, τ = 1.23A˚, T = 2τ . When
ρ≫ a, it seems rational to approximate U(ρ, φ, z) ≈ V (ρ). But, there is no reason to think
U(ρ, φ, z) ≈ V (ρ) when ρ ∼ a. Therefore, we believe that the energies Enl obtained from
Eq.(1) are merely valid for n, l≫ 1.
If we know U(ρ, φ, z), we can calculate the energies of image states in principle. From
the periodical structure of U , we can obtain the general Bloch’s theorem[3]
Hϕ(ρ, φ, z) = Eϕ(ρ, φ, z),
ϕ(ρ, φ+ 2pij1
N
, z + j1τ + j2T ) = e
i[
2pilj1
N
+κ(j1τ+j2T )]ϕ(ρ, φ, z),
(2)
where l = 0, 1, · · · , N − 1 because of the periodical boundary condition along cir-
cumference and 0 ≤ k < 2pi/T . Adopting the thought of plane wave expan-
sions [4], ϕnlκ(ρ, φ, z) =
∑
j1j2
Cj1j2χnlκ(ρ)e
i[(l+j1N−j2Nτ/T )φ+(κ+2pij2/T )z], we substitute it in
Hϕnlκ(ρ, φ, z) = Enlκϕ(ρ, φ, z) and obtain the transverse Schro¨dinger equation
det[(Hm1m2j1j2 − Enlκδj1m1δj2m2)χnlκ(ρ)] = 0, (3)
where Hj1j2m1m2 = Tj1j2δj1m1δj2m2 + Uj1j2m1m2 , Tj1j2 = −
~2
2µ
[ d
2
dρ2
+ d
ρdρ
−
(l+j1N−
j2Nτ
T
)2
ρ2
− (κ +
2pij2
T
)2], and Uj1j2m1m2 =
N
2piT
∫ 2pi
0
dφ
∫ T
0
dzU(ρ, φ, z)ei[(j1−m1)−
(j2−m2)τ
T
]Nφ+
i2pi(j2−m2)z
T .
Hence, the key problem is to determine the potential U(ρ, φ, z). It is an extremely difficult
project beyond this comment.
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